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1
THREE-PHASE BRIDGE RECTIFIER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to a three-phase bridge rectifier for
rectifying a three-phase alternating current to convert it to a
corresponding direct current.

2. Description of the Prior Art

Three-phase bridge rectifiers have been provided for
rectifying a three-phase alternating current to convert it to a
corresponding direct current. The rectifiers generally com-
prise a three-phase rectifier circuit including six three-phase
bridge-connected diodes and a smoothing capacitor con-
nected between DC output terminals of the rectifier circuat.
The six bridge-connected diodes include three positive side
diodes and three negative side diodes. The rectifier circuit
needs to rectily three-phase AC voltages separated from
cach other 1n phase by 120 electrical degrees. For this
purpose, only those of the six diodes belonging to the phases
indicative of peak values of the three-phase AC voltages at
the respective positive and negative sides are turned on such
that the rectifier circuit 1s energized between these two
phases. This manner of energization, however, results in
distorted current waveforms at the input side of the rectifier
circuit, whereupon the iput side current disadvantageously
contains harmonic components.

To suppress the above-mentioned harmonic components,
the prior art has provided a DC reactor or step-up chopper
in the rectifier circuit so that harmonic waves contained 1n
the 1nput current are reduced. However, an insufficient eff

cct
of waveform 1mprovement 1s achieved from the DC reactor
or step-up chopper and therefore, the harmonic current
cannot sufficiently be suppressed.

The prior art has also provided a three-phase PWM
converter to be used to approximate the iput current to a
sinusoidal wave. The three-phase PWM converter, however,
requires six switching elements each of which needs to be
designed so as to have a maximum allowed current equal to
a peak value of a phase current and a withstand voltage
sufficiently larger than a maximum value of the DC bus
voltage. As a result, loss 1n the switching operation of each
switching element 1s 1ncreased, and the switching operation
1s accompanied with a large amount of high frequency noise.
Furthermore, since a large three-phase AC reactor 1is
required to render a current ripple small, the size and the cost
of the three-phase bridge rectifier are increased.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
a three-phase bridge rectifier in which the distortion in the

waveforms of currents flowing at the time of rectification
can be reduced and which 1s small in size and low 1n cost.

Another object of the invention 1s to provide a three-phase
bridge rectifier 1n which forward and backward recovery
losses 1n positive and negative side diodes can be reduced
when each bidirectional switching circuit performs a high-
speed switching operation.

Further another object of the invention 1s to provide a
three-phase bridge rectifier in which an electrical loss and
noise due to switching can be reduced 1n each of semicon-
ductor switching elements.

Further another object of the invention 1s to provide a
three-phase bridge rectifier in which a current waveform can
be rendered approximately sinusoidal.

Further another object of the invention 1s to provide a
three-phase bridge rectifier in which a power supply efli-
ciency can be improved.
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In one form of the present invention, a three-phase bridge
rectifier comprises three bidirectional switching circuits
cach icluding a single-phase rectifier circuit having four
single-phase bridge-connected diodes and a semiconductor
switching element connected between DC output terminals
of the single-phase rectifier circuit. Three AC side reactors
are each connected between one of two AC 1mput terminals
of each bidirectional switching circuit and each one of
output terminals of a three-phase AC power supply. Three
positive side diodes are provided each having an anode
connected to a positive side DC output terminal of each one
of the bidirectional switching circuits and a cathode con-
nected to a positive side DC bus. Three negative side diodes
are provided each having a cathode connected to a negative
side DC output terminal of each one of the bidirectional
switching circuits and an anode connected to a negative side
DC bus. A smoothing capacitor 1s provided which includes
two capacitors series connected between the positive and
negative side DC buses and a neutral terminal connected to
the other AC 1nput terminal of each bidirectional switching
circuit. A control circuit 1s provided for controlling the
semiconductor switching elements of the respective bidirec-
tional switching circuits.

In another form of the present invention, 1n addition to the
above-described bidirectional switching circuits and AC
side reactors, the three-phase bridge rectifier further com-
prises three positive side diodes each comprising a high-
speed diode and having an anode connected to said one AC
input terminal of each one of the bidirectional switching
circuits and a cathode connected to a positive side DC bus,
and three negative side diodes each comprising a high-speed
diode and having a cathode connected to said one AC 1nput
terminal of each one of the bidirectional switching circuits
and an anode connected to a negative side DC bus. A
smoothing capacitor 1s provided which includes two capaci-
tors series connected between the positive and negative side
DC buses and a neutral terminal connected to the other AC
mput terminal of each bidirectional switching circuit. A
control circuit 1s provided for controlling the semiconductor
switching elements of the respective bidirectional switching
circuits so that the semiconductor switching elements are
switched at a high speed.

In each of the above-described arrangements, a DC power
supply 1s generated from the three-phase AC power supply
by rectifying actions of the positive and negative side diodes
and energy storing and discharging actions of the AC
reactors on the basis of switching actions of the semicon-
ductor switching elements of the bidirectional switching
circuits.

The control circuit preferably controls a switching action
of each switching element 1n a period of or above about 30
degrees and below 60 degrees before the zero crossover and
a per1od of or above about 30 degrees and below 60 degrees
after the zero crossover with respect to each of the phase
voltages of the three-phase AC power supply, both periods
being continuous.

The three-phase bridge rectifier may further comprise
current detecting means for detecting phase currents of at
least optional two phases of the three-phase AC power
supply. In this arrangement, the control circuit controls the
switching action of each semiconductor switching element
so that each phase current detected by the current detecting
means follows up a current command value.

The control circuit may be adapted to set a or the zero
crossover of either one of each phase voltage or each
interphase voltage for a reference phase of the current
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command value. Consequently, the current and voltage can
be 1n phase with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become clear upon reviewing the following
description of preferred embodiments thereof, made with
reference to the accompanying drawings, in which:

FIG. 1 1s an electrical circuit diagram of the three-phase
bridge rectifier of a first embodiment 1n accordance with the
present invention;

FIG. 2 1s a detailed electrical circuit diagram of a switch-
ing circuit of the three-phase bridge rectifier;

FIG. 3 shows waveforms of phase voltages and phase
current of a three-phase AC power supply;

FIG. 4 1s a partially enlarged view of the phase voltage
and phase current shown 1n FIG. 3;

FIG. 5 1s a view similar to FIG. 1, showing the three-phase
bridge rectifier of a second embodiment 1n accordance with
the present invention;

FIG. 6 1s a view similar to FIG. 1, showing the three-phase
bridge rectifier of a third embodiment 1in accordance with the
present invention;

FIG. 7 1s a view similar to FIG. 1, showing the three-phase
bridge rectifier of a fourth embodiment 1n accordance with
the present invention; and

FIG. 8 1s a view similar to FIG. 1, showing the three-phase
bridge rectifier of a fifth embodiment 1n accordance with the
present mvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first embodiment of the present invention will be
described with reference to FIGS. 1 to 4. Referring to FIG.
1, an electrical arrangement of the three-phase bridge rec-
fifier of the first embodiment 1s shown. Output terminals 1R,
1S and 1T of a three-phase AC power supply 1 are connected
through reactors (AC side reactors) 2R, 2S and 2T to AC
input terminals 3Ra, 3Sa and 3Ta of bidirectional switching
circuits 3R, 3S and 3T respectively.

A positive side DC bus 4a 1s connected in common to
cathodes of positive side diodes SRa, 55a and 5Ta, whereas
a negative side DC bus 4b 1s connected 1n common to anodes

of negative side diodes SRb, 53Sb and 5Tb. Each of the
positive and negative side diodes 5Ra, 5Sa, 5Ta, 5Rb, 5Sb
and 5Tb 1s a high-speed diode. DC output terminals 3Rc and
3Rd of the bidirectional switching circuit 3R are connected
to an anode of the positive side diode 5Ra and a cathode of
the negative side diode SRb respectively. The same arrange-
ment as described above 1s applied to each of the switching
circuits 3S and 3T and accordingly, reference symbols “S”
and “T” are used for the switching circuits instead of
reference symbol “R” i FIG. 1.

A smoothing capacitor 6 comprising a series circuit of two
capacitors 6a and 6b 1s connected between the DC buses 4a
and 4b. The other AC input terminals 3Rb, 3Sb and 3Tb of
the switching circuits 3R, 3S and 3T are connected 1in
common to a neutral point terminal 7 or a common node of
the capacitors 6a and 6b. An input terminal of a conventional
inverter circuit 8 serving as a load 1s also connected between
the DC buses 4a and 4b. An output terminal of the inverter
circuit 8 1s connected to stator coils (not shown) of respec-
tive phases of an electric motor 9 comprising an imnduction
motor, for example.
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Current detectors (current detecting means) 10S and 10T
are 1nterposed between the reactors 2S and 2T and the AC
input terminals 3Sa and 3Ta of the switching circuits 3S and
3T respectively. Output terminals of the current detectors
10S and 10T are connected to respective input terminals of
a control circuit 11 which 1s composed of a microcomputer
and the like. The current detectors 10S and 10T are adapted
to detect phase currents 1, and 1, of phases S and T of the
three-phase AC power supply 1, thereby supplying them to
the control circuit 11, respectively. Other mput terminals of
the control circuit 11 are connected to the output terminals
1R, 1S and 1T respectively so that the control circuit 11
detects phase voltages ¢, €. and ¢, of the three-phase AC
power supply 1. The negative DC bus 4b 1s provided with a
load current detector 12 (load current detecting means)
having an output terminal connected to the other input
terminal of the control circuit 11. The load current detector
12 1s adapted to detect a load current 1, flowing mto the
inverter circuit 8, thereby supplying the detected current to
the control circuit 11.

Output terminals of the control circuit 11 are connected
through gate drive sections 13R, 13S and 13T to gate signal
mput terminals 3Re, 3Se and 3Te of the switching circuits
3R, 3S and 3T, whereby the control circuit 11 supplies gate
signals G, G and G4 to the switching circuits 3R, 3S and
3T, respectively. The gate drive sections 13R, 13S and 13T
are connected to positive side terminals of a gate drive
power supply 14 whose negative side terminal 1s connected
to the negative side DC bus 4b, whereby the gate drive
sections 13R, 13S and 13T are supplied with power from the
cgate drive power supply 14 for gate drive.

Referring now to FIG. 2, an electrical arrangement of the
switching circuit 3R and the gate drive section 13R 1s shown
in detail. The switching circuit 3R includes a single-phase
bridge rectifier circuit 16R composed of four single-phase
bridge connected diodes 15Ra, 15Rb, 15Rc and 15Rd. A
drain and a source of FET (a semiconductor switching
element) 17R are connected to DC output terminals 3Rc¢ and
3Rd of the switching circuit 3R respectively. A gate of FET
17R 1s connected through the gate signal input terminal 3Re
to an output terminal of a gate drive circuit 18R of the gate
drive section 13R, whereby the gate signal G, from the
control circuit 11 1s supplied through the gate drive circuit
18R to the gate of FET 17R. A negative side power 1nput
terminal 18Rb of the gate drive circuit 18R 1s connected to
the DC output terminal 3Rd of the single-phase bridge
rectifier circuit 16R, whereas a positive side power input
terminal 18Ra thereof 1s connected through a diode 19Ra to
a positive side terminal of the gate drive power supply 14.
A capacitor 19Rb 1s connected between the positive and
negative side power mput terminals 18Ra and 18Rb.

A charge pump circuit 20R comprises the gate drive
power supply 14, the diode 19Ra and the capacitor 19Rb.
The gate drive section 13R comprises components of the
cgate drive circuit 18R and the charge pump circuit 20R
except the gate drive power supply 14. The capacitor 19Rb
of the charge pump circuit 20R 1s charged through the diode
10Ra from the gate drive power supply 14 during an on
period of the negative side diode SRb. A charged current 1s
circulated through the negative side diode 5Rb.

The foregoing describes the switching circuit 3R and the
cgate drive section 13R 1n respect of phase R. The same
arrangements as described above are applied to each of the
switching circuits 3S and 3T and each of the gate drive
sections 13S and 13T 1n respect of phases S and T, and
accordingly, reference symbols “S” and “T” will hereinafter
be used for these components instead of reference symbol
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“R.” The above-described arrangement except the three-
phase AC power supply 1, the inverter circuit 8 and the
motor 9 constitutes a three-phase bridge rectifier 21.

The operation of the three-phase bridge rectifier 21 will be
described with further reference to FIGS. 3 and 4. The
principle of rectification 1n the embodiment will first be
described. Now, consider rectification at time A 1n FIG. 3.
The phase S voltage €. shows a maximum positive potential
at time A and the phase T voltage ¢, shows a maximum
negative potential at time A. Accordingly, only the positive
and negative side diodes SRa and 5Tb out of the positive and
negative side diodes SRa to 5Tb are turned on when FETs
17R—17T of the switching circuits 3R—3T are off at this time,
whereupon a phase S current 1, lows to phase T through the
output terminal 1S of the three-phase AC power supply 1,
the reactor 2S, the diode 15Sa, the positive side diode 5Sa,
the positive side DC bus 44, the smoothing capacitor 6, the
negative side DC bus 4b, the negative diode 5Tb, the diode
15Tb, the reactor 2T, and the output terminal 1T in sequence.
When the control circuit 11 supplies a gate signal G, to the
switching circuit 3R at time A to turn FET 17R on, a phase
R current 1, flows to phase T through the output terminal 1R
of the three-phase AC power supply 1, the reactor 2R, the
diode 15Ra, FET 17R, the diode 15Rd, the neutral point
terminal 7, the capacitor 6b, the negative side DC bus 4b, the
negative diode 51b, the diode 15Tb, the reactor 2T, and the
output terminal 1T to thereby charge the capacitor 6b, since
an 1nterphase potential between phases R and T i1s higher
than a terminal voltage of the capacitor 65 while the inverter

circuit 8 1s driving the motor 9.

Thus, when the control circuit 11 turns FET 17R oft
during flow of the phase current 1, as described above,
clectromagnetic energy stored 1n the reactor 2R flows as the
phase current 15 to phase T 1n sequence through the reactor
2R, the diode 15Ra, the positive side diode SRa, the positive
side DC bus 44, the smoothing capacitor 6, the negative side
DC bus 4b, the negative side diode 5Tb, the diode 157Tb, the
AC side reactor 2T, and the output terminal 1T.
Consequently, the phase current 1, can be caused to flow 1nto
the intermediate potential phase R. Furthermore, phase S
current 1, flowing through the positive side diode 3Sa 1is
slightly insufl

icient at this time. The switching circuit 3R 1s
also controlled 1n the same switching manner as described
above so that an 1nsufficiency for the phase current 1. 1s
caused to flow 1nto phase T, whereupon the waveform of the
phase current 1, can be controlled.

The control circuit 11 makes reference to each of the
phase voltages e, €. and e, to detect each zero crossover
thereof, so that each zero crossover serves as a reference
phase. The control circuit 11 initiates a timing operation at
the reference phase to read out data of a current command
value (shown by broken line in FIGS. 3 and 4) previously
stored 1n an internal ROM. Simultaneously, the control
circuit 11 makes reference to output signals of the current
detectors 10S and 10T to thereby control the phase currents
1. and 1, so that they follow up the current command value.
The phase current 15 15 controlled to follow up the current

[

command value as a consequence of the follow-up control of
the phase currents 1, and 1,. FIG. 4 18 an enlarged view of
portions of the phase current 1, and the current command
value enclosed 1n a broken line circle in FIG. 3. In this case,
the control circuit 11 makes reference to an output signal of
the load current detector 12 to adjust an amplitude level of
the current command value 1n accordance with the load
current 1, , thereby carrying out the follow-up control so that

the load current 1, takes a proper value.

Furthermore, the control circuit 11 controls the switching,
action of each of the switching circuits 3R, 3S and 3T to
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6

perform the current follow-up control, based on the above-
described principle. The switching control 1s performed 1n a
continuous period including a first period of about 60
clectrical degrees before the zero crossover and a second
period of about 60 electrical degrees after the zero crossover
with respect to each of the phase voltages ¢, e. and ¢, as
shown 1n FIG. 3. In the switching control, a PWM control
1s executed 1 such a manner that the width of a positive
pulse indicative of an on period i1s increased as i1t comes
closer to the zero crossover and that the pulse width is
decreased as it goes farther from the zero crossover. As the
result of the switching control only 1 each above-mentioned
period, for example, the switching control 1s executed for
cach of the switching circuits 3S and 3T but not executed for
the switching circuit 3R 1n each of periods of about 15
degrees respectively before and after a peak of the phase
voltage ¢, so that the follow-up control 1s executed for the
phase current 15. Thus, the switching control is carried out 1n
the manner as described above so that the waveforms of the
phase currents 1, 1 and 1, are rendered approximately
sinusoidal 1n phase with the phase voltages €., €. and ¢
respectively.

According to the above-described embodiment, the
switching circuits 3R, 3S and 3T are provided between the
positive side diodes SRa, 55a and 5Ta and the negative side
diodes 5Rb, 55b and 5Tb, the positive and negative side
diodes having cathodes and anodes connected to the positive
and negative side DC buses 4a and 4b, respectively. The
control circuit 11 controls the switching action of each of the
switching circuits 3R, 3S and 3T in the continuous period
including the first period of about 60 degrees before the zero
crossover and the second period of about 60 degrees after the
zero crossover with respect to each of the phase voltages e,
¢, and e, of the three-phase AC power supply 1 so that the
phase currents 15, 1, and 1, are controlled to follow up the
current command value.

Accordingly, the phase currents are caused to also flow
through the respective switching circuits 3R—3T into the
intermediate potential phase of the three-phase AC power
supply voltage although the phase currents cannot be caused
to flow 1nto the imtermediate potential phase in the conven-
tional three-phase rectifiers. Consequently, since the wave-
forms of the phase currents 15, 1. and 1, are rendered
approximately sinusoidal in phase with the phase voltages
€r, €c and e, respectively, the harmonic noise can be
suppressed and a power supply efficiency can be 1improved
with a power factor of the DC power supply being rendered
approximately 1. Furthermore, since an amount of current
flowing into the smoothing capacitor 6 1s equalized and an
amount of ripple current 1s reduced, the capacity of the
smoothing capacitor 6 can be decreased. Additionally,
unbalance among the phases can be adjusted by the switch-
ing control into a balanced state.

According to the above embodiment, furthermore, since
the control circuit 11 determines the amplitude of the current
command value i1n accordance with the load current 1,
detected by the load current detector 12, the load current 1,
can be controlled to take a suitable value. Furthermore, as
the result of use of the switching circuits 3R to 3T, three
FETs 17R-17S suffice for the semiconductor switching
clements and the reactors 2R-2T need not be rendered
large-sized. Consequently, the three-phase bridge rectifier 21
can be rendered small in size and low 1n cost as compared
with a conventional system using a three-phase PWM con-
verter. Additionally, since the switching circuits 3R—3T are
not turned on in the periods respectively before and after the
peaks of the respective phase voltages e,—¢-, each of FETs
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17R—17T does not necessitate a high withstand voltage, and
therefore, switching loss due to the switching control and
switching noise (high-frequency noise) can be suppressed to
low levels.

According to the above embodiment, furthermore, the
series circuits of the diodes 15Ra and 15Rb, 15Sa and 15Sb,

and 15Ta and 15 Tb of the single-phase bridge rectifier
circuits 16R, 16S and 16T are interposed between the
positive and negative side diodes 3Ra and SRb, 5Sa and 55b,
and 5Ta and STb 1n the phases R,S and T, respectively.
Consequently, since diodes of low withstand voltage can be
used for the above-described diodes, the three-phase rectifier
of the embodiment 1s advantageous in the use with a high
power supply voltage. Furthermore, the positive and nega-
five side diodes SRa—5Tb serve as flywheel diodes even
when an 1mnductance component 1s 1n the wiring when FETs
17R, 17S and 17T are turned off. Consequently, occurrence
of surge voltage can also be restrained. Furthermore, since
cach of the positive and negative side diodes SRa and 5Rb,
5Sa and 5Sb, and 5Ta and 5Tb comprises a high-speed
diode, forward and backward recovery losses 1n these diodes
when FETs 17R, 17S and 17T are switched at a high speed

can be reduced.

FIG. 5 1llustrates a second embodiment of the present
invention. Identical parts are labeled by the same reference
symbols 1 the second embodiment as 1n the first embodi-
ment. The difference between the first and second embodi-

ments will be described. In FIG. 5 showing an electrical
arrangement of a three-phase bridge rectifier, the positive
and negative side diodes SRa, §5a, 5Ta, SRb, 3Sb and 5Tb
in the first embodiment are eliminated. A three-phase bridge
rectifier circuit 22 composed of three-phase bridge con-
nected positive and negative side diodes 22Ra, 22Sa, 2274,
22Rb, 22S8b and 22'Tb 1s connected between the positive and
negative side DC buses 4a and 4b. The positive and negative
side diodes 22Ra-22Tb are high speed diodes. AC 1nput

terminals of the three-phase bridge rectifier circuit 22 are
connected to the load side terminals of the reactors 2R, 2S
and 2T and to the AC input terminals 3Ra, 3Sa and 3Ta of
the switching circuits 3R, 3S and 3T, respectively. The other
arrangement 1s the same as that 1n the first embodiment. The
above-described arrangement except the three-phase AC
power supply 1, the inverter circuit 8 and the motor 9
constitutes a three-phase bridge rectifier 23. The three-phase
bridge rectifier 23 arranged as described above 1s operated in
the same manner as in the first embodiment, whereupon
substantially the same effect can be achieved 1n the second

embodiment as 1n the first embodiment.

FIG. 6 1illustrates a third embodiment of the present
invention. Identical parts are labeled by the same reference
symbols 1n the third embodiment as in the first and second
embodiments. The difference between the third embodiment
and the first and second embodiments will be described. In
FIG. 6 showing an electrical arrangement of a three-phase
bridge rectifier, a three-phase bridge rectifier circuit 22
composed of conventional three-phase bridge-connected
diodes 1n the same manner as in the three-phase bridge
rectifier circuit 22 1 the second embodiment has input
terminals connected to the output terminals 1R, 1S and 1T
of the three-phase AC power supply 1 and further has
positive and negative side DC output terminals connected
through the reactors 24a and 24b (DC side reactors) to the
positive and negative side DC buses 254 and 25b. The
reactors 24a and 24b are connected together to have a
common magnetic circuit so that an imnductance becomes a
large value. Furthermore, the inverter circuit 8 including the
motor 9 at 1ts output side and the smoothing capacitor 26 1s
connected between the positive and negative side DC buses

25a and 25b.
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The above-described three-phase bridge rectifier circuit
22', the reactors 24a and 24b, the positive and negative side
DC buses 25a and 25b, and the smoothing capacitor 26
constitute another known rectifier circuit 27 of the d.c.
reactor insertion type. The positive and negative side DC
buses 4a and 4b of the three-phase bridge rectifier 21 as 1n
the first embodiment are connected to the positive and
negative side DC buses 25a and 25b so as to be 1n parallel
with the rectifier circuit 27. The above-described arrange-
ment except the three-phase AC power supply 1, the inverter
circuit 8 and the motor 9 constitutes a three-phase bridge
rectifier 28.

According to the above-described third embodiment, the
control circuit 11 of the three-phase rectifier 21 controls the
waveforms of currents 1input to both of the rectifier circuit 27
and the three-phase rectifier 21 so that the waveforms
become sinusoidal, making reference to the phase currents 1,
and 1,. Consequently, the current capacity of the three-phase
rectifier 21 can be reduced. Furthermore, since the positive
and negative side DC buses 254 and 25b are provided with
the reactors 24a and 24b respectively, current ripple can
further be restricted.

FIG. 7 shows a fourth embodiment of the present mnven-
tion. Identical parts are labeled by the same reference
symbols 1n the fourth embodiment as 1n the first embodi-
ment. The difference between the first and fourth embodi-
ments will be described. In FIG. 7 showing an electrical
arrangement of a three-phase bridge rectifier 29, an 1mverter
circuit 30 serving as a load 1s connected between the positive
and negative DC buses 4a and 4b, instead of the mverter
circuit 8 in the first embodiment. The mnverter circuit 30 1s
composed 1nto a neutral clamp system. The neutral point
(not shown) of the inverter circuit 30 is connected to the
neutral terminal 7 of the smoothing capacitor 6. The other
arrangement 1s the same as 1n the first embodiment.

According to the above-described fourth embodiment,
when the same control manner as in the first embodiment 1s
executed, the level of the neutral potential of the inverter
circuit 30 1s added to the current waveform level such that
two level waveforms are obtained at each of the positive and
negative sides. Consequently, a current waveform approxi-
mating the sinusoidal one can be achieved by an easier
control manner.

FIG. 8 1illustrates a {ifth embodiment of the present
invention. Identical parts are labeled by the same reference
symbols 1n the fifth embodiment as in the first embodiment.
The difference between the first and fifth embodiments will
be described. In FIG. 8 showing an electrical arrangement of
a three-phase bridge rectifier 33, normal mode reactors 31R,
31S and 31T are interposed between the output terminals
1R, 1S and 1T of the three-phase AC power supply 1 and the
reactors 2R, 2S and 27T respectively. Interphase capacitors
32a, 32b and 32c are connected between the phases R and
S, the phases S and T, and phases R and T respectively. The
other arrangement 1s the same as in the first embodiment.
The above-described arrangement constitutes the three-
phase bridge rectifier 33.

According to the above-described fifth embodiment, the
normal mode reactors 31R—-31T and the action of the inter-
phase capacitors 32a—32c¢ as noise filters can restrict influ-
ence of the switching noise due to the switching control of
the switching circuits 3R-3T upon the three-phase AC
power supply 1 side. Furthermore, since the amplitude of
input current to each of FETs 17R—17T 1is slightly lowered,
FETs 17R—17T of the lower capacitor type can be selected,
whereupon the three-phase bridge rectifier can be fabricated
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at lower cost. Furthermore, the accuracy 1n the detection of
phase voltages e, €. and ¢, by the control circuit 11 can be
improved.

The present invention should not be limited to the
embodiments described above with reference to the accom-
panying drawings. The invention may be modified or
expanded as follows.

The control circuit 11 controls the switching action of
cach of the switching circuits 3R, 3S and 3T 1n the continu-
ous period including the first period of about 60 degrees
before the zero crossover and the second period of about 60
degrees after the zero crossover with respect to each of the
phase voltages €., €. and e,. The continuous period may be
varied. For example, the continuous period may include a
first pertod of or above 30 degrees and not more than 60
degrees before the zero crossover and a second period of or
above 30 degrees and not more than 60 degrees after the zero
crossover with respect to each of the phase voltages ¢, €.
and e, In this case, too, the current waveform can be
improved. Furthermore, the switching action control may be
performed 1n the entire period of each of the phase voltages
€», €c and e, when semiconductor switching elements of the
higch withstand voltage type are used. Furthermore, the
control manner should not be limited to the above-described
switching action control or PWM control. A mere on-off
control may be performed for the switching circuits 3R—3T,
instead.

The control circuit 11 performs the current follow-up
control so that the power factor 1s rendered approximately
one. Alternatively, the control circuit 11 may perform a
lageing power factor control so that the phase current lags
the phase voltage by a phase angle of, for example, 10
degrees. Current detecting means may be provided for
detecting a phase R current. The control circuit 11 may
detect interphase voltages instead of the phase voltages e,
¢ and e, to set reference phases on the basis of zero
crossover of the mterphase voltages. The current detecting
means of the control circuit 11 may detect interphase cur-
rents 1nstead of the phase currents 1., 1. and 1.

The control circuit 11 may make reference to the current
detectors 10S and 10T, for example, at an 1nitial stage of
rectification control to perform the switching action control
(PWM control) so that each of the phase currents 1, 1. and
1 or each interphase current takes a predetermined value.
Consequently, the control circuit 11 may set, for the refer-
ence phase for the current command value, a point of time
when a ratio of on time to off time 1n the switching action
control becomes maximum, when an on time becomes
maximum, when an off time becomes minimum, or when an
estimated phase current value becomes approximately zero.
In this case, the control circuit 11 need not detect the phase
voltages e, €. and e,. Furthermore, the control circuit 11
may control current waveforms 1n accordance with a pre-
determined current pattern, instead of the current follow-up
control.

Terminal voltage detecting means may be provided for
detecting terminal voltages of the capacitors 6a and 6b
respectively. The control circuit 11 may perform the switch-
ing control so that the terminal voltages of the capacitors 6a
and 6b takes preset values respectively or preferably, equal
preset values. For example, the switching action control may
be carried out so that an average value of currents flowing,
into the neutral terminal 7 in one period of the three-phase
AC power supply 1 becomes zero. Such a control manner
can render the withstand voltage of each of the capacitors 6a
and 6b one half 1n the case where a single smoothing
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capacitor 1s provided. Furthermore, no resistance for adjust-
ing potential balance 1s required, whereupon the efficiency
of the three-phase rectifier can be 1improved and the three-
phase rectifier can be rendered smaller 1n size. Additionally,
1in case that a control power supply for the control circuit 11
1s composed of a chopper or a switching power supply
circuit, the control power supply can take a lower receiving
voltage when power 1s received from the capacitor 6b.

In the above-described third embodiment, the reactors
24a and 24b may or may not be provided. Furthermore,
either one of the reactors may be provided. Furthermore, the
three-phase rectifier 23 of the second embodiment may be
connected 1n parallel with the rectifier circuit 27, instead of
the three-phase rectifier 21. Additionally, the smoothing
capacitor 26 may be eliminated.

In the above-described fifth embodiment, either normal
mode reactors 31R-31T or interphase capacitors 32a-32c¢
may be provided. Common mode reactors (zero phase
reactors) may be provided instead of the normal mode
reactors 31R—31T. In this case, harmonic noise or leakage
current can more effectively be restrained by the switching
control.

Either or both of the normal mode reactors 31R-31T and
the 1nterphase capacitors 32a—32¢ may be provided 1n the
three-phase rectifier 23 of the second embodiment or the
three-phase rectifier 27 of the third embodiment.

Furthermore, 1n the fifth embodiment, the reactors 2R-2T
and the interphase capacitors 32a—32¢ may be set at respec-
tive small values so that the current waveforms accompany
slight resonance. Switching noise can further be reduced
when the control circuit 11 turns the switching circuits
3R-3T off when the resonance lowers the current waveform
amplitude.

The semiconductor switching elements should not be
limited to FETs 17R—17T. Transistors may be used therefor.
Furthermore, the load should not be limited to the inverter
circuits 8 and 30. Any load driven by a DC power supply
may be employed.

The foregoing description and drawings are merely 1llus-
trative of the principles of the present invention and are not
to be construed in a limiting sense. Various changes and
modifications will become apparent to those of ordinary skill
in the art. All such changes and modifications are seen to fall
within the true spirit and scope of the mvention as defined
by the appended claims.

I claim:

1. A three-phase bridge rectifier comprising:

three bidirectional switching circuits each including a
single-phase rectifier circuit having four single-phase
bridge-connected diodes and a semiconductor switch-
ing element connected between DC output terminals of
the single-phase rectifier circuit;

three AC side reactors each connected between one of two
AC 1mput terminals of each bidirectional switching
circuit and each one of output terminals of a three-
phase AC power supply;

three positive side diodes each having an anode connected
to a positive side DC output terminal of each one of the
bidirectional switching circuits and a cathode con-
nected to a positive side DC bus;

three negative side diodes each having a cathode con-
nected to a negative side DC output terminal of each
one of the bidirectional switching circuits and an anode
connected to a negative side DC bus;

a smoothing capacitor including two capacitors series
connected between the positive and negative side DC
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buses and a neutral terminal connected to the other AC
input terminal of each bidirectional switching circuit;
and

a control circuit for controlling the semiconductor switch-
ing elements of the respective bidirectional switching
circuits.

2. A three-phase bridge rectifier according to claim 1,
further comprising another three-phase rectifier circuit
including six three-phase bridge-connected diodes, AC input
terminals connected to the output terminals of the three-
phase AC power supply respectively, positive and negative
side DC output terminals connected to the positive and
negative side DC buses respectively, a DC side reactor or
reactors connected across either one or both of the positive
and negative side DC buses.

3. A three-phase bridge rectifier according to claim 1,
wherein the control circuit controls a switching action of
cach switching element in a period of or above about 30
degrees and below 60 degrees before the zero crossover and
a per1od of or above about 30 degrees and below 60 degrees
after the zero crossover with respect to each of the phase
voltages of the three-phase AC power supply, both periods
being continuous.

4. A three-phase bridge rectifier according to claim 1,
further comprising terminal voltage detecting means for
detecting terminal voltages of the two capacitors of the
smoothing capacitor, and wherein the control circuit is
adapted to control the switching action of each switching
clement so that the terminal voltages of the capacitors
become respective set values unequal or approximately
equal to each other.

5. A three-phase bridge rectifier according claim 1, further
comprising three interphase capacitors connected between
output terminals of the three-phase AC power supply and
three normal mode reactors or common mode reactors
interposed between each output terminal of the three-phase
AC power supply and three AC side reactors respectively.

6. A three-phase bridge rectifier according to claim 1,
further comprising current detecting means for detecting
phase currents of at least optional two phases of the three-
phase AC power supply, and wherein the control circuit
controls the switching action of each semiconductor switch-
ing clement so that each phase current detected by the
current detecting means follows up a current command
value.

7. A three-phase bridge rectifier according to claim 6,
wherein the control circuit 1s adapted to set a or the zero
crossover of either one of each phase voltage or each
interphase voltage for a reference phase of the current
command value.

8. A three-phase bridge rectifier according to claim 6,
wherein the control circuit controls the switching action of
cach switching element so that each phase current becomes
a predetermined value and the control circuit 1s adapted to
set, for a reference phase of the current command value, the
fime when a ratio of on time to off time 1s rendered
maximum, when the on time 1s rendered maximum, when
the off time 1s rendered minimum, or when an estimated
phase voltage value 1s rendered approximately zero.

9. A three-phase bridge rectifier according to claim 6,
further comprising load current detecting means for detect-
ing a load current flowing into a load connected between the
positive and negative side DC buses, and wherein the control
circuit 1s adapted to determine an amplitude of the current
command value on the basis of the load current detected by
the load current detecting means.
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10. A three-phase bridge rectifier comprising:

three bidirectional switching circuits each including a
single-phase rectifier circuit having four single-phase
bridge-connected diodes and a semiconductor switch-
ing element connected between DC output terminals of
the single-phase rectifier circuit;

three AC side reactors each connected between one of two
AC mput terminals of each bidirectional switching
circuit and each one of output terminals of a three-
phase AC power supply;

three positive side diodes each comprising a high-speed
diode and having an anode connected to said one AC
input terminal of each one of the bidirectional switch-
ing circuits and a cathode connected to a positive side

DC bus;

three negative side diodes each comprising a high-speed
diode and having a cathode connected to said one AC
input terminal of each one of the bidirectional switch-

ing circuits and an anode connected to a negative side
DC bus;

a smoothing capacitor including two capacitors series
connected between the positive and negative side DC
buses and a neutral terminal connected to the other AC
input terminal of each bidirectional switching circuit;
and

a control circuit for controlling the semiconductor switch-
ing elements of the respective bidirectional switching,
circuits so that the semiconductor switching elements
are switched at a high speed.

11. A three-phase bridge rectifier according to claim 10,
wherein the control circuit controls a switching action of
cach switching element 1n a period of or above about 30
degrees and below 60 degrees before the zero crossover and
a per1od of or above about 30 degrees and below 60 degrees
after the zero crossover with respect to each of the phase
voltages of the three-phase AC power supply, both periods
being continuous.

12. A three-phase bridge rectifier according to claim 10,
further comprising terminal voltage detecting means for
detecting terminal voltages of the two capacitors of the
smoothing capacitor, and wherein the control circuit is
adapted to control the switching action of each switching
clement so that the terminal voltages of the capacitors
become respective set values unequal or approximately
equal to each other.

13. A three-phase bridge rectifier according claim 10,
further comprising three interphase capacitors connected
between output terminals of the three-phase AC power
supply and three normal mode reactors or common mode
reactors 1nterposed between each output terminal of the
three-phase AC power supply and three AC side reactors
respectively.

14. A three-phase bridge rectifier according to claim 10,
further comprising current detecting means for detecting
phase currents of at least optional two phases of the three-
phase AC power supply, and wheremn the control circuit
controls the switching action of each semiconductor switch-
ing clement so that each phase current detected by the
current detecting means follows up a current command
value.

15. A three-phase bridge rectifier according to claim 14,
wherein the control circuit 1s adapted to set a or the zero
crossover of either one of each phase voltage or each
interphase voltage for a reference phase of the current
command value.
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16. A three-phase bridge rectifier according to claim 14, 17. A three-phase bridge rectifier according to claim 14,
wherein the control circuit controls the switching action of further comprising load current detecting means for detect-
cach switching element so that each phase current becomes ing a load current flowing into a load connected between the
a predetermined value and the control circuit 1s adapted to positive and negative side DC buses, and wherein the control
set, for a reference phase of the current command value, the 5 circuit 1s adapted to determine an amplitude of the current
fime when a ratio of on time to off time 1s rendered command value on the basis of the load current detected by
maximum, when the on time 1s rendered maximum, when the load current detecting means.

the off time 1s rendered minimum, or when an estimated
phase voltage value 1s rendered approximately zero. £k k% ok
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